In recent years, the atmospheric pressure plasma jet (APPJ) has been extensively studied for potential biological and medical application. It has been shown that a bactericidal effect is primarily due to the inactivation of the DNA repair mechanism or a DNA damage response in the microorganism. The damage is attributed to the interaction of biomol--cal methods. The DNA was suspended in four different solutions: physiological saline (PS), water, phosphate buffered saline (PBS), and Tris-EDTA (TE) and exposed to a plasma jet for human cells during experiments. The crucial role of medium properties highlights the need for further studies of organisms in their natural surroundings.
I. INTRODUCTION
In recent years, atmospheric pressure plasma (APP) has been extensively studied for potential biological and medical applications. APP has an important role in the activation and/or inactivation of biomolecules including nucleic acids, lipids, and proteins healing. [1] [2] [3] [4] One of the most commonly used APPs is an atmospheric pressure plasma jet (APPJ). The APPJ represents an indirect source because the plasma produced between two electrodes is transported to the treatment materials using a feed gas, which is typically helium, argon, or nitrogen. This technique confers the ability to treat irregular surfaces and oddly shaped objects. 5, 6 Argon as the feed gas has been used in wound healing and inactivation of isolated and vegetative microorganisms in vitro. 6-11 12 biomolecules before its potential application on complex structures such as living tissue can of the DNA repair mechanism or DNA damage in the microorganism; the plasma jet has been shown to induce damage to cellular and plasmid DNA. 13 Study of the plasma jet in [14] [15] [16] The medium used for suspension of biomolecules and microorganisms during 1, 17 Damage has been shown to be due to the interaction of biomolecules with reactive oxygen species of the cellular medium, because plasma modulates vital properties of media, and the toxic nature of plasma can also be altered by the surrounding media.
11,18 Most of the studies on strandan argon plasma showed that exposure to treated medium alone can be involved in DNA 15 Information on the interaction between plasma and the environment is very from the literature.
11
Central to studying DNA damage under various APP conditions is understanding the physical and chemical processes that are crucial for advancing related biomedical applications such as cancer therapy and wound healing. 19 In this study, we investigate to an argon (Ar) plasma jet in four different solutions (environments): (1) physiological saline (PS), (2) ultrapure water, (3) phosphate buffered saline (PBS), and (4) Trisethylenediaminetetraacetic acid (EDTA) (TE) medium. These four solutions differ in terms of their properties for buffering capacity (pH control), osmotic stability, and chemical composition.
DNA is possible by modulating the properties of solutions with plasma, and the level of reactive species is affected by the interactions between plasma and the solutions.
II. EXPERIMENT
The experimental setup for APPJ electrical and optical measurements is shown in Fig.  1 . For this study, the plasma jet was generated in a glass capillary tube with an inner of discharges. The 1-cm-wide electrodes were made of aluminum foil that wrapped the capillary tube. The distance between the inner edges of the two electrodes was 15 cm. The ground electrode was on the upstream side. The active electrode was on the down-
The voltage applied to the discharge was measured using a high-voltage probe, and discharge current was recorded using a current probe. In addition, a digital oscilloscope Optical emission spectra (OES) were collected perpendicular to the jet using an optical spectrometer (Ocean Optics) with a spectral range of 180-1100 nm and a resolution of (Fig. 3) . OES data were compiled using a personal computer equipped with relevant Lynex software for both driving and acquisition. We were thus able to obtain the relative irradiance of the active species in the plasma. During OES measurement, exposure time was 100 ms. Emission intensities of the active
A. Electrical and Optical Characterization of Plasma Jet
Before applying the plasma jet for any purpose, it is necessary to determine the basic discharge parameters of electron temperature (T e ) and electron density (n e ). Different methods are available to measure both parameters, with the most commonly used being the Langmuir probe, the microwave interferometer, laser Thomson scattering, and optical spectroscopy (OES).
In the case of APPJ, the OES-based technique, suitable for measurement of both electron temperature and electron density, is based on the measurement of relative intensities of two or four spectral lines of the same atomic species. The intensity of spectral lines depends on KT e and is proportional to the population density of excited states.
I is the measured intensity of selected spectral lines, K E the excited states energy, g the statistical weight, and A the transition probability.
FIG. 3: OES of the APPJ
plete local thermodynamic equilibrium (LTE).
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LTE will be maintained due to the low plasma density. Although this method may not be used for the exact determination of KT e and n e , it can still provide us with approximate the spectrum, argon lines are observed to be in the range of 180-900 m, and KT e is determined by selecting two argon spectral lines. The intensity of these spectral lines is obtained from the observed spectrum, shown in Fig. 4 . Values for E, g, and A for the National Institute of Standards and Technology atomic spectra data sheet. Using all of these values in Eq. (2), KT e can be easily determined. Electron density n e can be determined using the relative intensity of atomic and ionic 22 :
, B. Preparation of DNA -tration of 0.3 μg/μL was suspended in 900 μL of one of the four mediums (PBS, PS, water, or TE). The suspension was centrifuged at 10,000g concentration to 0.03 μg/μL. From this solution, 100 μL was supplied to seven different wells of a 48-well microtiter plate.
Exposure of DNA to Ar Plasma Jet
The Ar plasma jet was applied to each well for 60, 90, and 120 s. Similarly, Ar gas without plasma was applied to three other wells for 60, 90, and 120 s. The distance between the tip of the jet and the surface of the microtiter plate was 2.0 cm. Fluctuations in DNA damage were observed at distances >3 cm.
5 Thus, the distance between the tip of the jet and time of exposure were varied. A well that was left untreated in either plasma jet or gas was designated as the control.
C. Agarose Gel Electrophoresis
A gel with 1.0% agarose concentration in 0.5× 45 mM Tris-borate, 1 mM EDTA (TBE) was prepared. The solution was heated in a microwave oven until the agarose dissolved. Ethidium bromide (0.5 μg/mL in H 2 O) was incorporated into the warm solution. A comb that formed eight slots (0.8 × 0.1 × 0.7 cm) in the gel was positioned above the plate. Warm agarose solution was poured into the mold. After the gel was completely set, it poured to cover the gel to a depth of ~1 mm. -rately mixed with 2 μL of gel-loading buffer type I (0.25% bromophenol blue, 0.25% 2 O) in a ratio of 5:1 using a micropipette. Each mixture was applied on the slot using a different micropipette. The -tached to electrical leads so that the DNA migrated toward the positive anode. A voltage
D. Observation of DNA
At the end of the run time, the gel was examined by transmitted UV light in a Gel Doc system, and the gel was photographed.
E. Data Analysis
Three independent sets of experiments were conducted using all four media. Data were obtained for each medium. The optical density of the bands was processed with Image Studio Lite. The length of visible smear was measured to record the shearing length of each band.
III. RESULTS AND DISCUSSION
--ing effect is seen with respect to the time in plasma jet exposure compared to gas only and control. We measured band concentration for each experimental point and length of rates, and the distance migrated is related inversely to number of nucleotide pairs. Table 1 shows that the length increased with respect to time. The shearing length of gas only was control. As shown in Fig. 4 , shearing length was directly proportional to exposure time.
p < 0.006).
gers, and TE is especially used in a molecular biology laboratory setup. PBS is also used in Fig. 5A and B, respectively, relative degradation increased with respect to time. Relaexposure conditions. However, there is an increase in degradation with respect to time. in plasma jet exposure, especially at 120 s of plasma jet treatment in water. Gas showed much less of a change with increased exposure time for both the cases. This clearly Figure 6 shows the decrease in relative abundance of DNA compared to increases in time (maximum of 120 s) for all media. Water is seen to be the most effective medium 23
IV. DISCUSSION
By using agarose gel electrophoresis to estimate the effect of APPs on isolated DNA, - Regarding physical operative factors, a group of researchers concluded that no thermal factor contributes to DNA damage, because the APP jet used in their experiments was low in temperature.
24
-19 UV light contributed only 25 The contribution of charged particles was also relatively low, and the 24 The reactive particle component led to negligible changes in nucleobases, but induced both SSB and DBD formation. 26, 27 argon jet, similar to that of a helium jet. 12, 28 However, there was a drop in pH in saline solution by He that contained of oxygen. 28 Quite a number of studies show the production of reactive oxygen and nitrogen species in plasma, and many studies have recommended quantifying the free radical generated from plasma treatment. One study found the generation of an enormous amount of OH radicals using Ar-cold atmospheric plasma.
29
Plasma irradiation can also affect DNA through an indirect pathway via interactions -tion in a medium containing DNA. This indirect action is considered to be a major con- 5 When water molecules are electronically excited, they become dissociated into H and OH radicals. 30 Similarly, OH radicals are also formed by a Fenton reaction from hydrogen peroxide. In turn, these radicals are formed as a result of a superoxide dismutation reaction occurring from highly reactive superoxide radicals. 31 DNA itself is a scavenger and would be expected to compete with other OH radical scavengers, particularly when present in a high concentration.
23
PBS is isotonic, contains sodium chloride and sodium phosphate, and is moderately of OH radicals. 13, 23 Similar results in PBS and water were reported by Leduc et al., 32 although the effect in TE was not observed. PS, which consists of dilute sodium chloride solution (0.85%), showed DNA fragreported to form in distilled water when it was exposed to all types of plasma. 33 The measured H 2 O 2 concentrations were time dependent: the longer the exposure, the higher the concentration. 33 of radicals to sugar moieties, allowing for greater DNA damage. 34, 35 This explains the 19, 27 However, this experiment shows that -age. The crucial role of medium properties highlights the need for further studies on the suspension of organisms and biomolecules in their natural surroundings.
V. CONCLUSIONS
plasma and surrounding environments. The free-radical scavenging properties of the meaccount when exposing microorganisms and human cells to media during experiments.
ACKNOWLEDGMENTS
are grateful to the Kathmandu University departments of natural science and biotechnology for providing research space and materials.
